Abstract: Chondral and osteochondral fractures of the lower extremities are important injuries because they can cause pain and dysfunction and often lead to osteoarthritis. These injuries can be misdiagnosed initially which may impact on the healing potential and result in poor long-term outcome. This comprehensive review focuses on current pitfalls in diagnosing acute osteochondral lesions, potential investigative techniques to minimize diagnostic errors as well as surgical treatment options. Acute osteochondral fractures are frequently missed and can be identified more accurately with specific imaging techniques. A number of different methods can be used to fix these fractures but attention to early diagnosis is required to limit progression to osteoarthritis. These fractures are common with joint injuries and early diagnosis and treatment should lead to improved long term outcomes.
INTRODUCTION
Injuries on the articular surface of a joint are commonly called chondral or osteochondral fractures but may also be known as transchondral fractures. An osteochondral fracture is considered an injury that damages the cartilage and underlying subchondral bone. Alternatively, a chondral fracture involves only the cartilage without penetration through the subchondral bone. Osteochondral/chondral fractures are related to trauma and may present acutely. However, they are often initially missed, being misdiagnosed as a pure soft tissue injury, and present as chronic lesions. Most of the literature to date focuses on chronic lesions and potential strategies to stimulate repair or regeneration of cartilage. This review will focus on osteochondral lesions (OCLs) that are diagnosed acutely.
Osteochondritis dissecans is a term that was coined by Konig in 1887 to describe the loose bodies that he found in the knee joint [1] . Konig concluded that the etiology of these lesions could be severe trauma with enough force to fracture the joint surface. Alternatively, lesser degrees of trauma can contuse the bone and cause an area of necrosis that allows the joint surface to separate, or, in cases of no trauma, spontaneously necrose [1] . Despite much debate surrounding the term, "osteochondritis dissecans" now is used to describe an area of necrosis of the subchondral bone which may or may not have associated separation of the overlying cartilage [1, 2] and will not be the focus of this review.
*Address correspondence to this author at the 2D2.32 WMC Department of Surgery, University of Alberta Hospital, 8440-112St, Edmonton, T6G 2B7, Canada; Tel: 1 780 407 2816; Fax: 1 780 407 2819; E-mail: njomha@ualberta.ca Attention to osteochondral/chondral fractures is important because these lesions may cause the joint to degenerate into osteoarthritis because articular cartilage has limited potential for self-repair. This may be a greater issue in weight bearing joints. While osteochondral fractures are common in the shoulder (known as Hill Sachs lesions) and have also been reported in the distal humerus, distal radius and wrist [3] [4] [5] [6] , the progression to arthritis may not be as common, rapid or disabling as in lower extremity joints. In order to minimize the progression to arthritis, it is important to identify and treat osteochondral/chondral fractures early; however, little has been written about the diagnosis and management of acute osteochondral/chondral fractures.
Acute osteochondral fractures have been best studied in pediatric populations. The surgical techniques discussed may be similar in adult populations; however, articular cartilage maturity corresponds with skeletal maturity and physeal closure so pediatric injuries may respond differently. This will be highlighted in the treatment section.
The purpose of this paper is to review the literature regarding acute osteochondral/chondral fractures of the lower extremities providing a review of the anatomy and cellular biology of cartilage with a discussion of healing potential. The term "osteochondral fracture" will be used in this paper to identify lesions which involve traumatic injury to a focal area of articular surface with the underlying subchondral bone. If the lesion is predominantly cartilaginous it may alternatively be called a chondral fracture. The difference between these fractures will be highlighted by the need for different imaging modalities in each case and also in the proposed treatment algorithm.
INCIDENCE AND PRESENTATION
An association exists between joint instability and osteochondral lesions because abnormal joint motion causes shearing, rotatory or impaction forces that may create the lesions [7] . The association of osteochondral/chondral fractures with joint injury/sprain is intuitive. For example, in the ankle joint, osteochondral/chondral fractures of the talus may be related to ankle sprains and dislocations (Fig. 1) . In the knee, osteochondral injuries to the femoral condyles and patellar facets are relatively common with injuries such as patellar dislocations. And in the hip, osteochondral injuries are most often associated with hip dislocation. The true incidence of osteochondral/chondral fractures in the lower extremity is difficult to determine due to a lack of defined symptoms and radiographic findings at the time of injury.
One population that has been well studied is the military. In a study on an active military population, Orr et al. reported a yearly incidence of initial diagnoses of osteochondral lesions of the talus at 27/100,000 military personnel [8] . Unfortunately, this was a retrospective review based on diagnostic coding so, while they were able to suggest important demographic trends such as an increased incidence with age, they were unable to determine time from injury to diagnosis [8] . Previously, Coltart had studied 25,000 acute fractures and dislocations sustained by a military population during World War II, and found that there were 228 injuries to the talus [9] . He classified these as isolated fractures, fracture-dislocations, pure dislocations and miscellaneous injuries. Of the 228 injuries, 56 were osteochondral fractures (defined as "chip and avulsion fractures") for an incidence of 0.25% of all talar injuries or approximately 2/10,000 of all acute injuries [9] .
Acute osteochondral fractures have also been described with malleolar ankle fractures. Sorrento found a 38% incidence of lateral talar dome lesions in a random sample of 50 patients undergoing surgical fixation of malleolar ankle fractures [10] . More recent arthroscopic assessments of patients at the time of open reduction internal fixation has shown cartilage damage in up to 79% [11] [12] [13] [14] . Further, there is a higher incidence of osteochondral fractures with more proximal fibular fractures (Weber C) [11] . This is reflective of the ligamentous injury associated with these fractures.
Purely ligamentous injuries are generally cited as the primary etiology of osteochondral/chondral fractures in the ankle. Bosien et al. were the first to report osteochondral fractures with ankle sprains in their study of a group of college men [15] . They found radiographic evidence of nine cortical avulsion fractures in 133 sprains for an incidence of 6.5% [15] .
The mechanism of transchondral fractures of the talus were initially studied by Berndt and Harty [16] . In their cadaver study they found that these fractures occurred with an inversion force in either plantar flexion or dorsiflexion often combined with rotation. With a dorsiflexed ankle, inversion caused the lateral border of the talar dome to abut the fibula, the lateral ligaments to rupture and eventually the talus to rotate leading to a shearing force that damaged the lateral talar dome. In a plantar flexed ankle, the talus is slightly anterior due to the inversion and internal rotation force and thus the posteromedial talar dome is fractured.
In a cadaveric study of osteochondral fractures in the knee, Kennedy et al. found that most lesions were to the medial condyle occurring with either knee extension and lateral rotation or knee flexion with medial rotation [17] . Tibial plateau lesions occurred with knee extension and medial rotation (to the medial plateau) or knee flexion and lateral rotation (to the lateral plateau) [17] . This suggests that when ligament constraints of the knee are lost and force is exerted across the joint, stress to the cartilage may lead to transchondral fractures.
The incidence of knee ligament injuries is approximately 1% [18] . Most of these are anterior cruciate ligament (ACL) injuries which account for more than 45% [19] . With these injuries, a valgus stress causes a shearing force across the joint and usually leads to a bone bruise and cartilaginous damage to the femoral condyle. The incidence of osteochondral fractures with ACL injuries may be as high as 80% [20, 21] . Fig. (1) . Radiograph and CT scan demonstrating an osteochondral fracture of the lateral aspect of the talar dome (arrows). It can be seen on the CT image that the fragment has rotated 180 degrees and the smooth subchondral bone surface covered by cartilage is inverted and the fracture surface exposed. This can occur with severe ankle sprains.
The second most common cause of hemarthrosis to the knee, after ACL injury, is patellar dislocation [22] with an incidence of osteochondral fracture in approximately 70% of patients [23] [24] [25] (Fig. 2) . With dislocation, the patella usually translates laterally causing a shearing force to the medial patellar facet as it moves against the lateral femoral condyle. MRI studies have shown that with lateral patellar dislocations, the incidence of osteochondral fractures is between 40% and 78% [23, [26] [27] [28] [29] . There are other intraarticular injuries to the knee that cause hemarthrosis and may be associated with osteochondral fractures. Studies of patients with hemarthroses of the knee report an incidence of articular cartilage lesions as identified on arthroscopy of up to 20% [30, 31] . Terry et al. looked retrospectively at isolated osteochondral fractures in the knee and found an incidence of 4% in acute knee injuries and noted that they were all full thickness lesions that generally happened with a hyperflexion injury [32] .
Minor subluxation in the knee joint may damage the joint surface because of its unconstrained nature. The congruity of a normal hip protects the joint so generally a dislocation is required to inflict sufficient damage that is associated with osteochondral fractures [33, 34] . In a study of hip dislocations, Epstein found that 134 of 151 patients requiring open reduction had a fragment in the joint that was removed but had been too small to visualize on plain films [35] . In a more recent study of arthroscopic findings after traumatic hip dislocation, all 14 patients had evidence of a chondral fracture, 11 of which were loose osteochondral fractures [36] (Fig. 3) .
Osteochondral lesions may also be due to a "lateral impact injury" which occurs when there is direct trauma to the greater trochanter [37, 38] . The greater trochanter has less ability to absorb forces due to the lack of soft tissue between the bone and skin [38, 39] . At the time of impact the force is transferred to the joint surface and the shearing force may damage the chondral or osteochondral surface [37, 38] .
In any joint, acute lesions are difficult to diagnose as symptoms are not specific and often are masked by injuries to surrounding tissues. The immediate disability can be minor or related to ligamentous injury or other intra-articular pathology [40, 41] or over-shadowed by more obvious and significant injuries like malleolar fractures. Pain is the most common symptom. The pain experienced from symptomatic lesions is usually exacerbated during or after weight bearing activities. If there is a loose fragment, there may be associated mechanical symptoms of locking or catching as the fragment moves around the joint. Typically there is swelling with decreased range of motion due to swelling and pain.
DIAGNOSTIC IMAGING EVALUATION
The goals of imaging osteochondral lesions (OCLs) are: to confirm clinical suspicion for the lesions, to assess extent of the lesion, to look for any imaging signs of instability, and to assess lesion progression [42] . Standard initial investigation after an acute joint injury includes the plain radiograph. Specific radiographs to the ankle joint would be AP, mortise and lateral ankle views. A standard series of radiographs for the knee usually includes AP, lateral, oblique, and if possible, skyline view of the patella. In the acute setting, these radiographs may be non-weight bearing but if pain permits, weight-bearing radiographs should be obtained. For the hip, a series of radiographs usually includes an AP of the pelvis as well as AP and lateral views of the affected hip. Osteochondral fractures are often difficult to visualize because, while a large articular cartilage fragment may be detached, the associated bony fragment may be small [7] (Fig. 4) . In the talus, it has been shown that 69% of lesions may be detected on radiograph [43, 44] . At the knee, the diagnostic feature of a femoral OCL is a thin wafer of radiodense subchondral bone, irregular bony contour or bony fragmentation [43] . A standard knee radiograph series identified the OCL in only 32% of cases noted arthroscopically [24] . This is consistent with the finding that up to 60% of lesions are missed on initial presentation after patella dislocation [45] . In the hip joint, most lesions are missed on the plain radiograph [34] . McCarthy et al., have shown that 67% of loose bodies identified arthroscopically in the hip joint cannot be visualized on conventional radiographs [46] .
Due to the previously noted factors, OCLs often require further evaluation with other imaging modalities. These would include computed tomography (CT), magnetic resonance imaging (MRI) and bone scintigraphy. MRI and CT are superior to radiography in the detection of OCLs [47] . CT provides high resolution images that are capable of detecting and delineating small osteochondral fragments (Fig. 4) . Moreover, CT arthrography, which involves injecting iodinated contrast into the joint, has the added advantage of demonstrating small displaced chondral fragments that are usually not visible on the standard CT. However, CT lacks the ability to demonstrate bone marrow edema [48] . MRI has different sequences providing information based on the signal elicited by each technique (See Table 1 ). Short tau inversion recovery "(STIR) sequence is the primary "localizer" of the lesion" in acute injury as it is highly sensitive for edema [43] . MRI findings suggestive of an acute osteochondral fracture are an acute fracture plane, joint effusion and extensive bone marrow edema [48] .
MRI can define the extent of articular cartilage involvement (Fig. 5) . MRI can detect femoral chondral lesions with sensitivity and specificity of 86%-93% and 72%-88%, respectively, and acetabular lesions with 91%-93% sensitivity and 75%-85% specificity [49] . It was shown that MRI has 86% sensitivity and 97% specificity in identifying hyaline cartilage defects in the knee [50] . One study has demonstrated that OCLs of the talar dome can be evaluated on MRI with 95% sensitivity and 100% specificity [51] . In another study comparing the diagnostic accuracy of MRI to that of CT for detecting talar OCLs, MRI had a higher sensitivity than CT (96% versus 81%); however, this was not statistically significant. This study showed that both MRI and CT have high specificity for identifying OCLs of the talus (96% and 99%, respectively) [47] . MRI has the added advantage of detecting other soft tissue abnormalities Fig. (4) . 24 year old male patient with an acute ankle twisting injury. A) AP plain radiograph of the ankle demonstrating a displaced osteochondral fracture fragment at the lateral talar dome. B) Coronal CT image providing further details about the exact size of the fragment and the donor site. Poor for assessing cartilage surface [48] .
T2 weighted Turbo Spin Echo with Fat suppression
T2wTSE FS Allows sharper contrast between relative higher signal cartilage and lower signal bone marrow [51] .
Short Tau Inversion Recovery STIR High sensitivity for edema [43] .
Fluid is bright signal allowing demonstration of defects in cartilage.
Less effective in thinner cartilage (talus) [43] .
that are often associated with osteochondral injuries. This is important, for example, in those patients with ankle "sprain" injuries, where OCLs can be associated with ligament and tendon abnormalities that can be collectively responsible for persistent ankle pain and instability [52] .
MRI can be used to evaluate the stability of the OCL, which is an important factor in planning subsequent management. The classic MRI sign of instability is the presence of fluid signal interposed between the OCL and the parent bone. Other signs that can be suggestive of instability include the presence of "cystic change at the donor site" (late change), "extensive bone marrow edema" at the donor bone disproportionate to the recent injury, and "interval collapse of the articular surface" [53] . The presence of contrast between the fragment and the underlying bone can be used as an indicator for instability [54, 55] . Thus, both MR and CT arthrography can be used to assess instability and to provide more accurate staging of the OCL than nonarthrographic imaging.
In the setting of a significant acute injury, the radiograph needs to be scrutinized for the presence of an OCL. Close attention needs to be given to the locations where these lesions are more prevalent, for example the talar dome and adjacent to the patellofemoral joint, where osteochondral fracture fragments can often be seen secondary to patellar dislocation [53, 56] . Should an OCL be suspected, CT or MRI can further define the origin and the extent of the lesion. However, we have observed that on MRI, an osteochondral fracture may appear larger than its actual size due to the bone marrow edema possibly making it may be more difficult to plan fixation, if required. If soft tissue injuries (ligament or tendon injuries) are suspected, then (Fig. 6) .
Standard bone scans may be useful as an early diagnostic tool due to its high sensitivity as early as 12 hours after injury [43] , however; it currently has a limited clinical role in treatment planning due to the lack of sufficient anatomic details. A newer modality that is showing benefit in talar OCL evaluation is SPECT-CT scanning. SPECT (single photon emission computed tomography) scan -CT (computed tomography) is a hardware based fusion of conventional SPECT (tomographic) bone scintigraphy with a conventional diagnostic CT or a low dose "nondiagnostic" CT scan [57] . It involves the performance of a bone scan after intravenous administration of 99mTc-MDP tracer. After conventional planar bone scan images are obtained, tomographic (SPECT) bone scan images are then acquired concurrently with a conventional or low dose CT. This dual acquisition is performed simultaneously on the same machine, with the patient in the same body position. This concurrent acquisition allows exact registration of the tomographic images from SPECT bone scan on the CT images. Effectively, this "fusion imaging" modality precisely superimposes a map of metabolic bone reaction over a conventional CT image. SPECT-CT has been used in orthopaedic oncology, trauma and infection and is now starting to find a place in imaging cartilaginous and osteochondral lesions [8, 58] . It has been studied in the talus [57, 59, 60] and to a lesser extent in the knee [61] . The clinical utility of this new fusion imaging modality is not yet known. However, some authors suggest that it may subjectively facilitate treatment decisions for OCL [57] . 
MANAGEMENT STRATEGY RATIONALE BASED ON CARTILAGE PHYSIOLOGY
Acute lesions are often inadvertently managed conservatively due to the difficulty in recognition of the lesion. Given that the true natural history of these lesions is unknown, it may be that some lesions require no treatment. It has been suggested that smaller lesions do not progress to widespread arthritis [62] [63] [64] [65] . However, risk factors for progression have not been clearly defined so it is difficult to make recommendations as to which lesions may benefit from benign neglect. Therefore it is prudent to be vigilant for these lesions and, at minimum, institute a non-operative treatment protocol. In order to determine the best treatment, it is important to know the structure of articular cartilage to understand the importance of restoring the cartilage surface, if possible.
The complex nature of the cartilage matrix is extremely difficult to reproduce. Articular cartilage matrix possesses excellent wear characteristics due to its low co-efficient of friction [66] . Its load-bearing properties, resilience and durability are due to the interactions of collagen, proteoglycans and water within the extracellular matrix [62] and this has not been able to be reproduced with all the various available cartilage resurfacing techniques with the exception of cartilage transplantation. A concise description of essential features is presented here.
Articular cartilage is composed of chondrocytes embedded within an extracellular matrix composed mainly of proteoglycans, collagen and water. The chondrocytes within the cartilage matrix constitute approximately 1% of the tissue volume and maintain the extracellular matrix. These cells receive nutrients and eliminate waste by diffusion and are stimulated by mechanical loads [66] [67] [68] [69] [70] . They have limited capacity to divide past skeletal maturity, therefore, over time, the concentration of chondrocytes declines [71, 72] .
The extracellular matrix (ECM) consists of a dense stable network of collagen fibers which constrain proteoglycan (PG) molecules. Type II collagen is the main collagen type and is uniformly distributed throughout the matrix while the other types are more localized. The PGs make up 5-10% of the wet weight of the matrix and consist of a protein core with glycosaminoglycan chains (GAG) attached to them [66, 73] . The GAGs exist in three main types -chondroitin sulfate (4-and 6-isomers), keratin sulfate, and dermatin sulfate. PGs contribute to the structural rigidity of the cartilage matrix through three different mechanisms: 1) PGs are highly negatively charged and therefore attract cations giving rise to the Donnan osmotic effect [74] [75] [76] , 2) PGs are densely packed within the matrix (approximately 1/5 th of the free solution volume) resulting in strong charge-charge repulsive forces contributing to swelling pressure [77] and 3) PGs are hydrophilic in nature drawing in water molecules [62] . Furthermore, hyaluronate is a GAG that is an anchor for large groups of PG molecules which bind together on one hyaluronic acid molecule to form a large PG aggregate. Aggrecan enhances the immobilization of the PG within the collagenous matrix and may link the cells to the matrix. The binding effect that the collagen has on the PG enables these mechanisms to be extremely effective.
Architecturally, articular cartilage can be divided into four zones -superficial, middle (transition), deep, and calcified. The size and shape of the cells, the size and orientation of the collagen fibers and the content of water and PGs change throughout the zones [62] . The tidemark is 2-5µm thick and may provide a tethering mechanism for the collagen fibers to anchor into the underlying bone and may prevent shear stresses.
Healing after injury depends on the depth of the damage. If the damage shears off the cartilage but does not breach the subchondral bone, then no healing will occur and the defect will remain. If it is large enough (generally considered greater than 1cm in diameter), the joint will degenerate into osteoarthritis. Therefore, in pure chondral fractures, the cartilage is unlikely to heal to the underlying bone directly unless some sort of bone resurfacing is attempted. For purely cartilaginous fractures or small lesions that cannot be fixed, debridement and microfracture may be a good option. Microfracture is a technique that is used to produce a fibrocartilage repair surface. It was initially described at the knee [78, 79] , has been well studied at the ankle [80, 81] , and is being investigated at the hip [37] . After the cartilage has been debrided to form a well-contained defect with stable margins, the subchondral bone is perforated to allow bleeding into the defect and a clot forms containing mesenchymal stem cells (Fig. 7) . These cells differentiate into chondrocytes and fibrochondrocytes to produce a fibrocartilage that fills the defects. Fig. (7) . Arthroscopic view of microfracture technique on the medial femoral condyle. Note how the articular margins have been trimmed back to a stable base, the subchondral bone remains intact and holes in a regular pattern are made through the subchondral bone until the underlying cancellous bone is reached.
If the subchondral bone is breached, this provides access to the blood supply via the bone resulting in the formation of a hematoma. Platelets in the resulting clot that stimulates cytokines and growth factors that create an inflammatory response with vasodilation and the influx of pluripotent cells (mesenchymal stem cells). At approximately 2 weeks, the mesenchymal cells differentiate into chondroblasts and chondrocyte-like cells which produce a matrix of type I and II collagen resembling fibrocartilage [2, 62, 82] . By approximately eight weeks after the injury, the cartilaginous repair tissue has "chondrocytelike cells in a matrix of type II collagen, type I collagen, PGs and non-collagenous proteins" [62] which histologically are a mixture of hyaline and fibrocartilage.
Because osteochondral fractures involve the subchondral bone, there is the potential that some of these injuries may heal without intervention. Non-operative treatment of these lesions generally involves a period of non-or restrictedweight bearing and joint protection. In cases of associated injuries to the ligaments or bones, these injuries may also affect the weight bearing status. In cases of isolated osteochondral fractures, there are few guidelines with regard to off-loading the affected joint. The classical rehabilitation protocol after microfracture treatment has been non-weight bearing for 6-8 weeks to allow the clot to form and stabilize within the cartilage defect without unnecessarily compressing it. Early motion is encouraged to facilitate the differentiation of mesenchymal stem cells into chondrocytes and for these chondrocytes to produce primarily collagen type II.
Unfortunately, within one year of microfracture treatment, the new cartilage demonstrates signs of fibrillation and increased water content due to its inferior mechanical properties compared to normal articular cartilage as reviewed by Buckwalter [83] . In addition, if the bone defect is too large, then this type of fibrocartilagenous repair may not fill the defect resulting in mechanical instability and rapid progressive deterioration. Thus, considering the inability to reproduce the complex nature of normal articular cartilage, it is essential to replace and fix the fractured osteochondral fragment back to its original location if at all possible.
Improved imaging protocols should better identify larger lesions that would benefit from acute stabilization in a more timely fashion. In general, larger lesions that are identified acutely should be fixed primarily. This is based on the scientific findings that smaller lesions with a mean size of 309.5 mm 2 responded well to conservative treatment and that lesions of a mean size of 436 mm 2 failed conservative treatment [84] and larger lesions have a worse prognosis than smaller lesions [85, 86] . The general principle is to reattach as much of the detached fragments as possible. The fixation can be with headless metallic screws, regular screws with countersunk heads, staples if non-articular bone is available or bio-absorbable non-compressive pins (Fig. 8) .
Consideration should be given to remove metallic fixation to prevent long term cartilaginous damage to the opposite surface. Unfortunately, often the procedure to remove these fixation devices causes damage to the articular cartilage [87] . It is more common now to use a bioabsorbable device [88] . It should be reiterated that these fixation techniques require that the fracture is an osteochondral fracture so that the fractured bone can heal to the opposing bone surface.
Results are generally good in the short to medium term [80, 89, 90] . For larger lesions in which the damaged cartilage cannot be replaced, options include auto or allograft osteochondral transplants and autologous chondrocyte implantation with its variants. These procedures are not done in the acute setting and will only be discussed briefly.
Osteochondral autograft transplantation has been utilized for small to medium sized defects by harvesting osteochondral dowels from less essential portions of the same or a different joint. These dowels are then implanted into the defect in an attempt to restore the joint contour and function. Small cores of 6mm diameter consisting of the articular cartilage and underlying subchondral bone are harvested and transplanted into the existing defect. If the lesion is larger than 6mm diameter (which is most common because lesions smaller than 6mm diameter may not need to be treated), then multiple dowels are used and are press-fit resulting in a "mosaic" of dowels termed as mosaicplasty. Osteochondral autografting has produced some good results [91] [92] [93] [94] however, dowel alignment is technically difficult and a smooth surface is not guaranteed. Furthermore, there can be variability in the thickness of the cartilage between the donor and recipient sites resulting in an irregular subchondral bone border. The bone portion of the dowels can be an issue as they are susceptible to fracture, especially with 6mm dowels, and this could result in unstable fixation and increased production of fibrocartilage between the implanted dowels and neighbouring cartilage.
Osteochondral allografts were established by Gross in the 1970's as fresh grafts for different disease etiologies including tumours [95] (Fig. 9) . Fresh graft, initially denoted as tissue that had been harvested within 72 hours of transplantation, is now used to describe any tissue that has not been frozen or modified prior to transplantation. Longterm results have been very promising [95, 96] but Fig. (8) . A series of three arthroscopic images of a medial femoral condylar lesion due to osteochondritis dissecans. The cartilage is intact on the lateral side but the lesion can be mobilized on the cartilage hinge by the probe (left). After curetting of the fibrous tissue off the bone base and removing any dead bone, the lesion is reduced anatomically by the probe (central) and then fixed with bioabsorbable pins arthroscopically (right). One pin can be seen just to the right of the probe and the probe is used to check that the fixation is stable. Although this is a chronic lesion, the fixation principle is valid for acute lesions.
widespread use of fresh grafts has been limited due to concerns about transmission of infectious diseases, difficulty in size/contour matching, patient and surgical team availability on short notice and lack of donor tissue. To help address these obstacles, a method of hypothermic storage at 4°C was developed. Hypothermic storage allows short-term storage (28-42 days) before transplantation.. This time frame does provide increased utility of the technique but studies have shown that cellular deterioration begins after 7-14 days [97, 98] . With this relatively rapid deterioration of the cells and the technical difficulties of performing the transplant surgery within days of donor harvest due to regulatory clearance issues, the cell viability within hypothermically stored tissue may not be as robust as that in autograft or the original fresh allograft. That said, good results have been reported using both definitions of "fresh" [96, [99] [100] [101] [102] .
Post-operatively motion is important for providing nutrition to articular cartilage. Some surgeons have advocated the use of continuous passive motion (CPM) [87] but this requires very stable fragment fixation. Typically, the patient will be non-weight bearing on the affected extremity with the joint splinted to prevent shear stress on the repaired fracture site until some fracture healing is expected although early range of motion may be encouraged with stable fixation. Serial radiographs throughout the postoperative period can be used to ensure the joint surface is maintained although these fractures are typically difficult to image because of the small amount of bone available. MRI will provide the most information regarding the cartilage healing and viability. 
PROPOSED TREATMENT ALGORITHM

CONCLUSION
Osteochondral/chondral fractures are likely more common than realized. The essential nature of articular cartilage to joint function highlights the importance of treating these injuries early by restoring the joint surface to its pre-traumatic state. If early repair of osteochondral/chondral fractures does not occur, they can develop into chronic lesions with subsequent pain and swelling and, in the long term, result in joint degeneration leading to osteoarthritis, especially in the lower extremity. Maintaining a high index of suspicion and using radiologic techniques at our disposal is important to improve the ability to diagnose these fractures. Once diagnosed, there are a number of options for both acute and chronic lesions that can improve pain and loss of function while potentially delaying or preventing the onset of osteoarthritis. Much more investigation is required into the optimal treatments for various fractures in different joints. Fig. (9) . The left image shows a bulk proximal tibial osteochondral allograft. The appropriate portion of the lateral tibial plateau has been sectioned (center image) and then implanted into the recipient patient and held with a lateral buttress plate (right image).
